BJECTIVE: The purpose of this study was to evaluate the distribution of microorganisms in the root canal system (RCS) and periapical lesions of dogs' teeth after rotary instrumentation and placement of different calcium hydroxide [Ca(OH) 2 ]-based intracanal dressings. MATERIALS AND METHODS: Chronic periapical lesions were experimentally induced in 80 premolar roots of four dogs. Instrumentation was undertaken using the ProFile rotary system and irrigation with 5.25% sodium hypochlorite. The following Ca(OH) 2 -based pastes were applied for 21 days: group 1 -Calen (n=18); group 2 -Calen+CPMC (n=20); group 3 -Ca(OH) 2 p.a. + anaesthetic solution (n=16) and group 4 -Ca(OH) 2 p.a.+ 2% chlorhexidine digluconate (n=18). Eight root canals without endodontic treatment constituted the control group. Histological sections were obtained and stained with Brown & Brenn staining technique to evaluate the presence of microorganisms in the main root canal, ramifications of the apical delta and secondary canals, apical cementoplasts, dentinal tubules, areas of cemental resorption and periapical lesions. The results were analyzed statistically by the Mann-Whitney U test (p<0.05). RESULTS: The control group showed the highest prevalence of microorganisms in all sites evaluated. Gram-positive cocci, bacilli and filaments were the most frequent morphotypes. Similar microbial distribution patterns in the RCS and areas of cementum resorption were observed in all groups (p>0.05). The percentage of RCS sites containing microorganisms in groups 1, 2, 3, 4 and control were: 67.6%, 62.5%, 78.2%, 62.0% and 87.6%, respectively. CONCLUSION: In conclusion, the histomicrobiological analysis showed that the rotary instrumentation and the different calcium hydroxide pastes employed did not effectively eliminate the infection from the RCS and periapical lesions. However, several bacteria seen in the histological sections were probably dead or were inactivated by the biomechanical preparation and calcium hydroxide-based intracanal dressing. Uniterms: Calcium hydroxide pastes; Endodontic infection; Periapical lesions; Root canal therapy.
INTRODUCTION
Microbiologically, after pulp necrosis the pulp cavity becomes progressively colonized by the microorganisms that inhabit the oral environment and interconnected systems 36 . The response of the cellular and molecular immunological system to intracanal infection results in the formation and perpetuation of abscesses, granulomas and cysts in the periapical region 35 . Parallel to the development of periapical lesions, the microbiota, initially located in the principal root canal, propagate throughout the root canal system, invading secondary and accessory canals, isthmus, dentinal tubules, deltas and cement lacunae or cementoplasts 12, 22, 26, 39 . Microbiological culture reveals grampositive and gram-negative cocci, bacilli and filaments in the tissues of primary and refractory periapical lesions 7, 19, [42] [43] [44] , thus constituting the extraradicular infection 14, 16, 42 . The scanning electron microscopy show that these microorganisms are organized in amorphous exopolysaccharide structures, adhering to dentinal surfaces, known as biofilms 5, 14, 16, 19, 33, 36 . Clinically, control of the root canal system infection, one of the main goals of the endodontic treatment, consists of attaining a significant reduction in the number of viable microorganisms by elimination or inactivation 1, 3, 4, 9, 10, 32, 34, 38, 40, 41 . Biomechanical preparation is phase of endodontic treatment with the greatest impact on the intracanal microbiota 3, 4, 21, 34, 37 . However, its antiseptic efficacy is partial and temporary 21, 27, 37, 38 . Residual microorganisms shall be eliminated or inactivated because they might recolonize the root canals after biomechanical preparation 3, 4, 29, 30, 32 and even after obturation 10, 17, 25, 26, 41 . In an attempt to eliminate the residual infection, treatment strategies have included the use of calcium hydroxide [Ca(OH) 2 ] pastes prepared with water-based vehicles (e.g., polyethylene glycol or anaesthetic solution) as intracanal dressings 1, 2, 10, 12, 20, 21, 31, 34, 37, 38 . Dissociation and diffusion determine the alkalinity responsible for calcium hydroxide direct bactericidal action 23, 30, 31 . However, the neutralizing action of dentin on the hydroxide ions 23 and the relative resistance of some microorganisms to certain levels of alkalinity 1, 3, 6, 20, 31 , compromise the ability of calcium hydroxide to eliminate certain microorganisms lodged in the dentinal tubules 21, 30 . The purpose of this study was to assess, on the basis of a histomicrobiological analysis, the distribution of microorganisms in the root canal system and periapical lesions of dogs' teeth after rotary root canal instrumentation and placement of calcium hydroxide-based intracanal dressings prepared with different vehicles and antiseptics.
MATERIALS AND METHODS

Induction of periapical lesions
Forty upper and lower premolars of four 1-year-old dogs were used, making up a sample size of 80 roots. For sedation, 2.0 mL of Rompum (Bayer S/A -Veterinary products -Ind. Bras., RS, Brazil) was injected intramuscularly at a dose of 3.0 mg/Kg body weight. For general anaesthesia, 2 mL of Thiopental (Thionembutal-Abbott Laboratórios do Brasil Ltda., RJ, Brazil) was injected intravenously at a dose of 30 mg/Kg body weight. After coronal access, the root canals were explored to the apex with #15 K-files (Dentsply Maillefer, Ballaigues, Switzerland). The working length was established and the pulp was extirpated with a #25 Hedströem file (Dentsply, Maillefer). Progressive breakdown of the apical delta was achieved by stepwise increase of file size up to #30 K-file, in order to standardize foramen opening. The root canals remained exposed to the oral cavity for 7 days, after which the coronal access cavity was sealed. After approximately 6 to 8 weeks, well-defined periapical radiolucent areas developed, suggestive of chronic periapical lesions ( Figure 1 ).
Root canal treatment
With rigorous maintenance of aseptic and antiseptic conditions, the root canals were prepared with the ProFile rotary instrumentation system (Dentsply Tulsa Dental Products, Tulsa, OK, USA), using orifice shapers and nickeltitanium files with 0.04 and 0.06 tapers. Copious irrigation with 3.6 mL of 5.25% sodium hypochlorite preceded each change of file. The apical third was progressively enlarged using #45 to #60 K-files, maintaining foramen patency with a #30 K-file.
After removal of the smear layer and drying of the canals, the calcium hydroxide-based pastes, all containing watersoluble aqueous (anaesthetic solution or 2% chlorhexidine digluconate) or viscous (polyethylene glycol) vehicles were 2 p.a. powder (Labsynth Ltda, Diadema, SP, Brazil) used in groups 3 and 4 was weighed on electronic analytical balance and mixed to the respective solutions at a ratio of 0.9 g/mL solution to obtain a toothpaste consistency. Calen and Calen/CPMC pastes were applied using a special syringe with a threaded piston (ML syringe; S.S.White Artigos Dentários Ltda., Rio de Janeiro, RJ, Brazil) and a long 27G caliber needle with a silicone stopper to limit penetration up to the working length. The pastes in groups 3 and 4 were applied using a #4 lentulo spiral drill. Coronal sealing was done with zinc-oxide and eugenol cement (IRM; S.S.White Artigos Dentários Ltda., Rio de Janeiro, RJ, Brazil). Eight root canals without endodontic treatment constituted the control group.
A random distribution of the 4 types of treatment was undertaken in each dog. Radiographic evaluation of the filled root canals frequently showed slight periapical extrusion of the pastes. After 21 days, the dogs were sacrificed by anaesthetic overdose.
Histomicrobiological processing and analysis
Tissue blocks containing the roots were fixed in 25% glutaraldehyde solution glutaraldehyde in sucrose-sodium cacodylate buffer at pH7.4. The demineralizing medium, consisting of an aqueous solution of ethylenediaminetetraacetic acid (EDTA) containing 25% glutaraldehyde, sucrose and sodium cacodylate (pH 7.4), was adjusted with a 0.1 N sodium hydroxide solution to reach pH 7.4. Demineralization was undertaken in a microwave oven (Sharp Carousel, Ribeirão Preto, SP, Brazil) at 30 o C at medium/maximum power. Six-micrometer-thick slices were obtained and stained with the Brown & Brenn technique. The presence of microorganisms was evaluated by optical microscopy under oil immersion at 125X, 400X and 1000X magnifications. The 3-mm apical region of the root canal system and periapical region were evaluated at the following sites: 1-main root canal, 2-delta ramifications, 3-cementoplasts, 4-dentinal tubules, 5-areas of cemental resorption and 6-periapical lesion. Microscopic analysis were performed by three examiners, being one microbiologist, one histologist and one endodontist. The results were confirmed by consensus with regard to the presence, infected site, morphology (cocci, bacilli and filaments) and stain reaction of the microorganisms (gram-positive or negative). The incidence of microorganisms at different sites of the roots and periapical lesions was analyzed statistically using the MannWhitney U at 5% significance level.
RESULTS
From the 80 dental roots, 1,394 histological sections were obtained, in which gram-positive and gram-negative cocci, bacilli and filaments were observed in most sites evaluated, frequently forming evident biofilms. As seen in Tables 1  and 2 , the control group presented the highest frequencies of roots and sites containing microorganisms. Surprisingly, similar histomicrobiological patterns were seen between the control group and the experimental groups with respect to: ramifications of the delta, cementoplasts, main root canal, dentinal tubules and cement resorption (p>0.05). The percentage of sites of the RCS containing microorganisms in the groups 1, 2, 3, 4 and control were: 67.6%, 62.5%, 78.2%, 62.0% and 87.6%, respectively. The periapical lesions of the group filled with Ca(OH) 2 /anaesthetic showed histomicrobiological aspects similar to that of the control group (p>0.05), while among the other groups a significant reduction was noted (p<0.05). The group filled with Ca(OH) 2 / chlorhexidine showed the highest incidence of germ-free periapical lesions (p<0.05). As seen in Table 2 , the control group showed the highest percentage of infected sites while the treatment with Ca(OH) 2 /chlorhexidine showed the highest incidence of germ-free sites. There follows a description of the principal histomicrobiological aspects of each group.
Control group
All 160 histological sections showed microorganisms on the root canal walls, delta, cementoplasts and dentinal tubules (Figures 2 and 3) . The major morphotypes observed were predominantly gram-positive cocci, bacilli and filaments. Evident and extensive biofilms were seen on the root canals walls. Seven roots (87.5%) contained microorganisms in the periapical region, mainly on cementum surface and Howship's lacunae, of which 50% formed biofilms (Figures 4).
Group 1
Of the 294 sections evaluated, the percentages of samples containing microorganisms in the deltas, cementoplasts, root canal walls and dentinal tubules, were 94.4%, 88.9%, 83.3% and 77.8%, respectively. In the periapical region, microorganisms were detected in 7 specimens (38.9%), of which 4 (22.2%) contained microorganisms in areas of cemental resorption. The most frequent microbial morphotypes were gram-positive cocci and bacilli, with a lower incidence of filaments and gram-negative bacteria (Figures 5 and 5a ).
Group 2
All 330 histological slices showed microorganisms in the deltas. The cementoplasts, root canal walls and dentinal tubules showed microorganisms in 80%, 75% and 65% of the samples, respectively. Seven roots (35%) contained microorganisms in the periapical region, sometimes forming extensive microbial groups (Figures 6 and 6a) . In areas of cemental resorption, microorganisms were observed in 20% of the specimens, some of which showing extensive biofilms. The major microbial morphotypes were gram-positive and gram-negative cocci and bacilli with a low rate of filaments.
Group 3
All 306 slices showed microorganisms in the deltas and cementoplasts. In the root canal walls and dentinal tubules, this percentage was 93.8% and 87.5%, respectively. Of the experimental groups, the highest incidence of microorganisms was shown in the periapical region and in areas of cemental resorption, in the order of 56.3% and 31.3%, respectively (Figures 7 and 7a) . Gram-positive and gramnegative cocci and bacilli as well as gram-positive filaments were the most frequent morphotypes.
Groups
Regions submitted to histomicrobiological analysis 
Group 4
Of the 304 sections, the lowest frequency of sites with microorganisms was observed. In the deltas, cementoplasts, root canal walls and dentinal tubules, microorganisms were observed in 94.4%, 83.3%, 77.8% and 72.2% of the specimens respectively. Of the 5 roots (27.8%) with microorganisms in the periapical region, only 3 (16.7%) showed bacteria in areas of cemental resorption. Gram-positive cocci, bacilli and filaments were the most frequent morphotypes (Figures 8  and 8a ).
DISCUSSION
Among the methodologies to study endodontic infection, the Brown & Brenn staining technique offers information concerning the topographical location, morphology and gram-positive or gram-negative structure of microorganisms in the tissue 12,26,38,39 . The original technique produced significant damage to the cell walls, especially of gram-negative bacteria, due the aggressive acids involved 44, 46 . In this study fixation and demineralization were undertaken using glutaraldehyde, sucrose, sodium cacodylate and EDTA which replaced the original formic acid and sodium nitrate, respectively. Furthermore, microwave activation reduces the demineralization time 38 . Dogs have an apical delta consisting of an intricate system of ramifications, due to the absence of a main foramen 9, 12, 40 . However, in this study, a standardized foramen was opened mechanically 12, [38] [39] [40] . This experimental model was proved useful to evaluate microbial propagation through the root canal system reaching the apical periodontal ligament by the following paths: the artificial foramen, delta ramifications simulating secondary and accessory canals, dentinal tubules exposed by resorption of apical cementum and dentinal tubules that lead into cementoplasts.
Numerous gram-positive and gram-negative cocci, bacilli and filaments were identified in all sites mostly organized in condensed bacterial layer in a matrix-embedded forming clear biofilms on the dentinal wall of the root canal and root canal system. These morphologic patterns of infection are similar to results from microbiological culture of periapical lesions 7, 44 . Our findings corroborate those of a recent report 18 , which used similar fixation and demineralization procedures and found high incidence of cocci, bacilli and filaments in the apical third of the root canal system of human molars after instrumentation, antimicrobial irrigation and obturation in one appointment. Periapical biofilms were also observed in the areas of cemental resorption similar to those identified under scanning electron microscopy 14, 16, 19, 43, 44 . The microbiological culture technique, which is more sensitive than histomicrobiology 22, 44 , has demonstrated the survival of microorganisms in most primary periapical and recurrent lesions 7, 10, 17, 32, 44 in percentages that vary from 67% to 97.2%. However, the modifications proposed allowed identifying microorganisms in approximately 90% of the periapical lesions in the control group; this percentage is equivalent to those obtained by scanning electron microscopy 14, 16, 19 . In the present study, biofilms were observed in areas of cemental resorption in 50% of the control specimens. The formation of these structures involves phases of: adhesion by pili and/or extracellular polysaccharides (adesines and lipopolysaccharides), proliferation with the formation of microcolonies, and stratification and maturation 5, 33 . Tronstad, et al. 42 (1987) hypothesized that in long-term endodontic infections, the microbiota show little change inducing the host defenses to become less effective, and therefore allowing the microorganisms to slowly invade and colonize the periapical tissues. However, the present study showed biofilm formation after a relatively short time (6 to 8 weeks), i.e., the microorganisms colonized the periapical tissues much earlier than expected. The periapical lesion is an expression of the immunological response, being rich in defense elements (neutrophils, macrophages, lymphocytes and antibodies), and represents an inhospitable environment for microorganisms. Nevertheless, those that remain in the tissues awaiting death, on the contrary, develop survival strategies. Costerton, et al. 5 (1995) and Slavkin
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(1997) reported that bacteria elaborate substances that inactivate or deceive the host's defense mechanisms, allowing their survival within the tissues. Furthermore, they organize and distribute themselves in the amorphous and slimy extracellular material, becoming resistant to environmental challenge such as nutrient deficiency, oscillation of pH, mechanisms of host defense (opsonization and phagocytosis) and to local and systemic antimicrobials or, in other words, are better known as refractory infections 14, 16, 18, 19, 34, 35, 42, 44 . The protocol of treatment consists of adequate biomechanical preparation associated with irrigation using 5.25% aqueous sodium hypochlorite, maintaining a light flow along the length of the canal, with a quantity and frequency of 3.6mL at each change of file, coupled with consistent apical enlargement corresponding to diameters of #45/60 and a conicity of 0.06 to 0.08 mm/mm followed by the placement of calcium hydroxide-based pastes.
Undoubtedly, biomechanical preparation represents the most important stage of intracanal anti-sepsis 3, 4, 21, 37, 38 . The use of calcium hydroxide-based intracanal dressings has the goal of maximizing the neutralization, reduction or elimination of endodontic infection 1, 2, 9, 15, 30, 40, 41 . The calcium hydroxide also neutralizes bacterial toxins, is biocompatible with the periapical tissues, inhibits inflammatory root and bone resorption and stimulates periapical regeneration 28, 35, 36 . Due to the physicochemical dynamics of diffusion of hydroxyl ions within the root structure, the maximum alkalinity (pH 9-10) is only obtained in the most external layers of dentin after 2 to 3 weeks 29, 30, 41 . This is the reason why pastes remained for 21 days in the root canals in this study. From a chemical standpoint, the antiseptic action of calcium hydroxide is related to its high alkalinity, which alters the molecular structure of DNA, proteins and phospholipids, which are essential for the metabolism and reproduction of microorganisms 29, 30, 40 . Physically, the root canal filling inhibits the inflow of nutrients and microbial recolonization 29 . Polyethylene glycol, anesthetic solution, colophony and zinc oxide are considered inert. Other substances in the pastes with an antiseptic action were CPMC and 2% chlorhexidine digluconate.
In vitro studies have shown that when in direct contact, calcium hydroxide eliminated all microorganisms present in the root canals in periods that varied from minutes to few days 3, 15, 20 . However, in vivo studies have not reported similar performance in the root canal system 4, 21, 34, [37] [38] [39] [40] . The relative reduction or inefficacy of antiseptics must be due to several factors that include the presence of organic material and the neutralizing effect of dentin on the hydroxyls 23 and to the particular resistance of some bacteria to certain levels of alkalinity 6 . An alternative strategy consists of adding an antiseptic to calcium hydroxide, for example CPMC, which is effective against microorganisms resistant to calcium hydroxide 15, 20, 30 . Another antimicrobial, chlorhexidine digluconate, has been evaluated in liquid and gel forms, as an irrigant 8, 11, 13 or intracanal medication 1,2,24,39 in concentrations that vary from 0.2 to 5%, alone or combined with calcium hydroxide 24, 39, 45 This substance has a wide spectrum of antimicrobial action 11 , penetrating substantivity 8, 45 and diffuses through dentin 2 . Notwithstanding, considering that all root canals presented similar initial microbiological status and were submitted to similar instrumentation, this study provides morphological evidence that the rotary instrumentation, associated with copious irrigation with 5.25% sodium hypochlorite and followed by application of calcium hydroxide pastes either prepared or not with antiseptics for 21 days, did not effectively alter the endodontic infection, even though the viability and reproductive capacity of these remaining microorganisms may be questioned. These findings demonstrate the difficulty of complete elimination of microorganisms from infected root canal system 12,21,26,30,34,37-39 . The protocols of treatment used in the present study are similar to those of several clinical protocols that offer high levels of clinical and radiographic success to patients 4, 34, 41 and animals 9, 12, 28 with chronic periapical lesions. Considering that the periapical repair occurs only by significant reduction or elimination of endodontic infection, the following may be conjectured: firstly, in the present study, many of the microorganisms seen in the histological sections were dead or inactive by the endodontic treatment; secondly, there were resistant and susceptible periapical biofilms to endodontic treatment; and thirdly, possibly endodontic treatment influenced extraradicular infection.
In this concept, the biomechanical preparation disturbs the microbial equilibrium established in the root canal, which is the greatest source of microorganisms. Calcium hydroxidebased intracanal medication acts on the apical region by diffusion through the root canal system, or when extruded by the rapid and intense interaction of calcium and hydroxyl ions, possibly generating a physicochemical disequilibrium and interfering with the mechanisms of biofilm adhesion. Antiseptics combined with calcium hydroxide would coparticipate in this process, especially those with ionic interaction capacity, such as chlorhexidine digluconate 8, 11, 45 . Alterations in the physiology and organization of biofilms would reduce its resistance to the immunological system, rendering it more susceptible to phagocytosis. This would be a possible hypothesis for the reduction of extraradicular infection in the experimental groups of this study, mainly the group treated with the association of calcium hydroxide and 2% chlorhexidine digluconate.
Further studies should be conducted also addressing the culture technique, aiming to evaluate the viability of remaining microorganisms in the root canal system and periapical lesion after instrumentation, and application of calcium hydroxide dressings, to investigate possible correlations with the clinical, radiographic and histological success of endodontic treatment of teeth with chronic periapical lesions. 
CONCLUSIONS
1-Dog's teeth with pulp necrosis and chronic periapical lesions presented an extensive distribution of microorganisms in the root canal system and periapical region.
2-A high incidence of extraradicular infection forming periapical biofilms was observed in cemental resorption areas adjacent to apical foramen.
3-From a histomicrobiological standpoint, rotary instrumentation followed by application of calcium hydroxide pastes presented similar antimicrobial performance, regardless of the vehicle or addition of antiseptics.
4-According to the Brown & Brenn staining, the antisepsis procedures employed did not effectively eliminate the infection from the root canal system and periapical lesions.
